Intentional acts of interpersonal violence with guns killed 11,622 people and injured an additional 59,077 in the United States in 2012 (Centers for Disease Control and Prevention, 2014) . Meanwhile, the public's response to mass shootings has animated a national discussion of gun violence linked to mental illness in particular, ensnaring mental health policy in the politics of gun control (Edwards, 2014) . In a nation with a constitutionally protected right to own firearms (District of Columbia v. Heller, 2008; McDonald v. City of Chicago, 2010) and more than 310 million firearms estimated to be in private hands (Krouse, 2012) , finding effective and legitimate ways to keep dangerous people from accessing firearms is a formidable task (Consortium for Risk-Based Firearm Policy, 2013a ,2013b McGinty, Frattaroli, et al., 2014) .
Gun violence and mental illness are complex but different public health problems that intersect only at their edges. Viewing them together through the lens of mass-casualty shootings can distort our perspectives of both of them, as well as confounding policy solutions and creating strange and ambivalent bedfellows in the advocacy space (Swanson, McGinty, Fazel, & Mays, 2014) . On the one hand, gun rights advocates have been eager to link gun violence to serious mental illness (The Economist, 2013) -an idea that resonates powerfully with public opinion and is fueled by ubiquitous media portrayals -and to suggest that controlling people with serious mental illness instead of controlling firearms is the key policy answer to reducing gun violence in America. On the other hand, mental health consumer advocates have been drawn into an overdue discussion of how best to fix a dysfunctional mental healthcare system (Mechanic, 2014) , but for the wrong reasons and at the peril of unintended adverse consequences -"fixing mental health" primarily as a violence-prevention strategy may exacerbate and exploit the public's discriminatory fear of people with psychiatric disorders, the large majority of whom are never violent.
The experts who study both mental illness and firearms injury from a population health perspective have weighed in on the side of the mental health advocates (McGinty, Webster, & Barry, 2014) , citing evidence that only a very small proportion of the overall problem of interpersonal violence is attributable to serious mental illnesses such as schizophrenia, bipolar disorder, or major depression (Appelbaum, 2013; Swanson, 2013) . At the same time, mental health experts have been at pains to qualify their myth-busting "gun violence is not about mental illness" argument in light of four important realities: first, the contribution of mental illness to gun-related suicide (Cavanagh, Carson, Sharpe, & Lawrie, 2003; Li, Page, Martin, & Taylor, 2011) ; secondly, the inherently aberrant nature of violent acts; thirdly, the real, albeit modest, association between mental disorder and violence in most epidemiological studies; and fourthly, the existence of meaningful associations of broadly defined psychopathology with social-environmental and developmental risk factors for harmful behaviors (Desmarais et al., 2013; Swanson et al., 2002) .
Impulsive angry behavior conveys inherent risk of aggressive or violent acts (Yu, Geddes, & Fazel, 2012) which can become lethal when combined with access to firearms. There is also evidence that anger can mediate the relationship between symptoms of mental illness and violent behavior (Barratt, 1994; Coid et al., 2013; Novaco, 2010 Novaco, , 2011 . But what proportion of the angry people in the population who own or carry guns have a diagnosable mental illness? And what proportion of the latter have a history of involuntary hospitalization for serious mental illness, which would legally disqualify them from owning firearms? It is important to have proper answers to these questions if we are to evaluate the implications of contending policy recommendations.
Data on these questions are presented here based on new analyses of data from the National Comorbidity Study Replication (NCS-R; Kessler, Berglund, et al., 2005) . This study presents the first nationally representative estimates of the cooccurrence of impulsive angry behavior and possessing or carrying a gun among people with and without a wide range of diagnosable mental disorders. Included are descriptive data on significant demographic and diagnostic correlates of the conjunction between gun access (possessing guns at home or carrying guns outside the home) and impulsive angry behavior (having angry outbursts, becoming angry and breaking or smashing things, losing one's temper and getting into physical fights). This study does not present data on completed acts of interpersonal violence, but the measures have some face validity as indicators of inherent risk of violence, and it complements existing literature on violent behavior. The study places these findings in context and discusses policy implications.
METHODS Sample
The NCS-R is a nationally representative household survey of respondents 18 years and older in the contiguous U.S. Kessler, Berglund, et al., 2005) . Face-to-face interviews were carried out with 9,282 respondents between February 5, 2001, and April 7, 2003 . Part I included a core diagnostic assessment and a service use questionnaire administered to all respondents. Part II (n = 5,962) assessed risk factors, correlates and additional disorders, and was administered to all part I respondents with lifetime disorders plus a probability subsample of other respondents. Because questions about gun ownership were asked only in part II, the present analyses are limited to the part II sample. This sample was appropriately weighted to adjust for the under-sampling of part I respondents without any disorder. The overall response rate was 70.9%. The 309 respondents in the part II sample who had to carry a gun as part of their work were excluded from the analysis. The remaining 5,653 respondents are the focus of the analysis. NCS-R recruitment, consent, and field procedures were approved by the Human Subjects Committees of Harvard Medical School and the University of Michigan.
Measures

Gun Possession and Carrying
Part II NCS-R respondents were asked: "How many guns that are in working condition do you have in your house, including handguns, rifles, and shotguns?" (The question is referred to in the following as "gun possession.") They were also asked: "Not counting times you were shooting targets, how many days during the past 30 days did you carry a gun outside your house?" (This question is referred to as "gun carrying.") As already noted, respondents were also asked if they had a job that required them to carry a gun, in which case they were excluded from the analyses reported in this paper.
Impulsive Angry Behavior
As part of the NCS-R assessment of personality disorders, several questions were asked about patterns of impulsive angry behavior. The introduction to the section told respondents that the interviewer was "going to read a series of statements that people use to describe themselves" and that the respondent should answer "true" or "false" for each statement. The three statements selected to indicate patterns of impulsive angry behavior were: "I have tantrums or angry outbursts"; "Sometimes I get so angry I break or smash things"; and "I lose my temper and get into physical fights." lay interview that generates diagnoses according to the definitions and criteria of both the International Classification of Diseases, 10th Revision (World Health Organization, 1992) and the DSM-IV (American Psychiatric Association, 1994). DSM-IV criteria are used in the current report. A total of 21 disorders are considered here. Based on the results of previously reported factor analyses (Kessler, Chiu, et al., 2005) ,we organize these disorders into the categories of Axis I internalizing disorders (major depressive disorder or dysthymic disorder, panic disorder with or without agoraphobia, generalized anxiety disorder, specific phobia, social phobia, post-traumatic stress disorder, obsessive-compulsive disorder, separation anxiety disorder), externalizing disorders [attention-deficit/hyperactivity disorder, conduct disorder, eating disorders (anorexia nervosa, bulimia nervosa, or binge-eating disorder), intermittent explosive disorder, oppositional defiant disorder, pathological gambling disorder, alcohol or illicit drug abuse with or without dependence, alcohol or drug dependence with abuse], other severe Axis I disorders [bipolar I or II disorder, non-affective psychosis (NAP; either schizophrenia, schizophreniform disorder, schizoaffective disorder, delusional disorder, or psychosis not otherwise specified)], and Axis II (personality) disorders. The personality disorders were grouped into clusters A (odd or eccentric), B (dramatic, emotional, or erratic), and C (anxious or fearful).
Given that questions about gun possession/carrying were asked about the present, we focused on mental disorders in the 12 months before interview rather than lifetime, but there were two exceptions. First, we considered lifetime rather than 12-month NAP, in light of the fact that the number of 12-month cases of NAP was too small for analysis and none of these 12-month cases owned a gun. Secondly, we considered 5-year rather than 12-month personality disorders, because personality disorders were assessed only over a 5-year recall period. As described elsewhere, blinded clinical reappraisal interviews using the Structured Clinical Interview for DSM-IV (SCID) (First, Spitzer, Gibbon, & Williams, 2002 ) with a probability subsample of NCS-R respondents found generally good concordance between DSM-IV diagnoses of Axis I disorders based on the CIDI and on the SCID (Kessler, Berglund, et al., 2005; Kessler, Birnbaum, et al., 2005) . Personality disorders, in comparison, were based on screening questions from the International Personality Disorder Examination (IPDE; Loranger et al., 1994) . Diagnoses were derived from these screening questions by calibrating with independent clinical diagnoses based on blinded clinical appraisal interviews with the full IPDE. These calibrated diagnoses had good concordance with blinded clinical diagnoses (Lenzenweger, Lane, Loranger, & Kessler, 2007) .
Socio-demographics
Socio-demographic variables considered here include age (18-34, 35-49, 50-64, 65+ years) , sex, race-ethnicity (Non-Hispanic White, Non-Hispanic Black, Hispanic, Other), family income in relation to the federal poverty level (Proctor & Dalaker, 2001 ) (low, ≤1.5 times the poverty line; low average, > 1.5 to three times the poverty line; high average, > three to six times the poverty line; high, ≥ six times the poverty line), marital status (married/cohabitating, separated/widowed/divorced, never married), census region of the country (Northeast, South, Midwest, West), and urbanicity [central cities of Metropolitan Statistical Areas (MSAs) with populations greater than two million, central cities of smaller MSAs, suburbs of central cities in both large and small MSAs, contiguous areas to suburbs of MSAs (of any size), and all other areas in the country].
Analysis Methods
As noted earlier in the description of the sample, the NCS-R data were weighted to adjust for differences in selection probabilities, differential non-response, and residual differences between the sample and the US population on socio-demographic variables. An additional weight was used in the part II sample to adjust for the oversampling of part I respondents . All results reported here are based on these weighted data. Cross-tabulations were used to examine the distribution and associations of gun access (number of guns in the home) with gun possession, impulsive angry behavior, and the conjunction of anger and possession. Logistic regression analysis was then used to estimate associations of types and number of mental disorders with six outcomes: any gun access, gun possession, the conjunction of access with any impulsive angry behavior (i.e., both having access to a gun and responding positively to any of the three anger questions) and with fighting (i.e., both having access to a gun and reporting "I lose my temper and get into physical fights"), and the conjunction of possession with any angry behavior and with fighting. Logistic regression coefficients and their standard errors were exponentiated for ease of interpretation and are reported as odds ratios (ORs) and 95% confidence intervals (95% CIs).
Population attributable risk proportions (PARPs) were calculated to describe the overall strength of associations between mental disorders and each of the six outcomes. PARPs can be interpreted as the proportion of respondents with the observed outcomes that would not have had those outcomes in the absence of the predictors if the associations described in the logistic regression equations between predictors and outcomes reflect causal effects of the predictor (Rothman & Greenland, 1998) . Although it is inappropriate to infer causality from the NCS-R data, the calculation of PARP is nonetheless useful in providing a sense of the magnitudes of the multivariate associations of mental disorders with each outcome.
Standard errors of prevalence estimates and logistic regression coefficients were calculated using the Taylor series method implemented in the SUDAAN software package (Research Triangle Institute, 2002) to adjust for the clustering and weighting of the NCS-R data. Multivariate significance tests were conducted using Wald χ 2 tests based on coefficient variance-covariance matrices adjusted for design effects using the Taylor series method. Statistical significance was evaluated using two-sided designbased tests and the P < 0.05 level of significance.
RESULTS
Prevalence and Associations of Gun Possession with Gun Carrying and Anger
More than one-third (36.5%) of NCS-R respondents reported having one or more guns in working condition in their homes, with 10.7% having one gun, 6.6% two, 9.3% three to five, 4.6% six to 10, and 5.2% more than 10 guns (Table 1) . The proportion of respondents in the total sample who reported carrying a gun outside the house at Chi-square test for difference between respondents with different numbers of guns in the home, including those without guns (5 degrees of freedom, 5 df).
c Chi-square test for significant difference between number of guns among those with any guns in the home (4 df).
some time in the past month was 4.4%. Of those who had carried a gun outside the house, about two thirds reported carrying every day (not shown in Table 1 .) The proportion who reported carrying a gun outside the home was significantly higher among those with guns in the home than among those without (10.8% vs. 0.7%, χ 1 2 = 94.2, p < 0.001) and was significantly related to number of guns among those having any guns (from a low of 7.3% among those with one gun to a high of 22.2% among those with more than 10 guns, χ 4 2 = 22.8, p < 0.001). The proportions of respondents who reported having tantrums or anger outbursts (19.1% in the total sample) or at least one of the anger items (25.0% in the total sample) were not significantly related either to having guns in the home ( χ 1 2 = 0.0-0.4, p = 0.51-0.98) or to the number of guns among those having any ( χ 4 2 = 1.8-3.3, p = 0.52-0.77). By comparison, the proportion of respondents who reported breaking or smashing things in anger (11.6% in the total sample) was significantly lower among respondents with guns in the home than among those without (10.0% vs. 12.6%, χ 1 2 = 8.1, p = 0.007), although it was not significantly related to the number of guns among those having any (χ 1 2 = 4.8, p = 0.32). The proportion of respondents who reported losing their temper and fighting (6.0% in the total sample) was not significantly related to having guns in the home (χ 1 2 = 0.3, p = 0.61), but was positively and significantly associated with the number of guns among those who had any guns (χ 1 2 = 13.4, p = 0.018). The proportion of respondents who reported any of the impulsive angry behavior items and had guns at home was 8.9%, and the proportion with any of these anger items who reported carrying a gun outside the home was 1.5%. The proportion of respondents who reported the combination of any anger items with carrying a gun was significantly higher among those with than without guns in the home (3.7% vs. 0.2%, χ 1 2 = 23.8, p = <.001), and also higher among respondents with six or more compared to fewer guns (7.3-7.8% vs. 1.8-2.9%, χ 1 2 = 2.8, p = 0.10). Extrapolating from these nationally representative survey findings, an estimated 8,865 individuals per 100,000 in the population have guns at home and have one of the impulsive angry behaviors assessed in the NCS-R, while an estimated 1,488 per 100,000 carry guns and have one or more of these anger problems.
Socio-demographic Correlates of Gun Access/Carrying and Anger
Men were significantly more likely than women to report all outcomes (guns in home, carries gun, guns in home/has angry behaviors, and carries gun/has angry behavior), with ORs in the range 1.9 ( gun possession) to 10.4 (for the conjunction of carrying a gun and fighting), as shown in Table 2 . Age was inversely related to the conjunction of guns at home and anger, with ORs of 1.9-2.8 for respondents under age 60 compared with those aged 60 and over, but not to any other outcome ( χ 3 2 = 0.8-3.9, p = 0.27-0.83). ORs of gun possession were significantly lower among Hispanics (0.4) and Others (0.4) than among Non-Hispanic Whites and Non-Hispanic Blacks, but race-ethnicity was not significantly related to any other outcome (χ 3 2 = 0.6-5.0, p = 0.17-0.90). Lower family income was associated with lower likelihood of gun possession (ORs of 0.6-0.8 among respondents with low/low-average vs. high income), but was not associated with other outcomes ( χ 3 2 = 0.8-6.9, p = 0.09-0.84). Never married and previously married respondents were significantly less likely than those who were married to possess guns and to have the conjunction of possession and angry behavior (ORs = 0.4-0.6).
There are significant regional differences in gun ownership, with much higher odds in the Midwest, South, and West (2.0-2.3) than in the Northeast. Urbanicity was Suburbs of central cities with population greater and less than 2,000,000, as well as adjacent and outlying areas of central cities were combined to predict this outcome. Chi-square test of urbanicity predicting carrying-fighting has three degrees of freedom.
inversely related to all the outcomes other than the conjunction of carrying/fighting ( χ 5 2 = 28.3-141.8, p < 0.001), with outlying areas having odds 3.8-7.8 as high as central cities of large metropolitan areas. The same generally inverse monotonic relationship with urbanicity can be seen for carrying/fighting as the other outcomes, and this relationship becomes statistically significant when the six urbanicity categories are collapsed to three (i.e., combining the largest with smaller central cities, the suburbs of the largest with smaller central cities, and adjacent with outlying areas; χ 2 2 = 4.1, p = 0.043).
Associations of DSM-IV/CIDI Mental Disorders with Gun Possession/Carrying and Anger
Inspection of bivariate associations (ORs) between each DSM-IV/CIDI disorder considered here and the outcomes controlling for socio-demographic characteristics shows that a wide range of mental disorders were associated with these outcomes (Table 3) . Included here were depression, bipolar and anxiety disorders, PTSD, intermittent explosive disorder, pathological gambling, eating disorders, alcohol and illicit drug use disorders, and a range of personality disorders; significant ORs were in the range 1.8-9.8. The authors also estimated three alternative versions of multivariate models that included all 21 mental disorders along with the socio-demographic controls (Table 4) . The first model included a separate predictor variable for each of the 21 disorders. The second model included counts for the number of each respondent's internalizing and externalizing disorders. The third model included predictors for both type and number of disorders. The Akaike information criterion (AIC) and Bayesian information criterion (BIC), two commonly used criteria for evaluating comparative model fit (Burnham & Anderson, 2002) , were used to compare the three models. Both number and type of disorders were significantly associated with the anger/gun-carry index, controlling for demographic characteristics. However, schizophrenia (non-affective psychosis) and bipolar disorder did not show net significant associations with anger/carry when all other covariates were included in the models, although it is noteworthy that these are relatively rare disorders and the study had too few cases of them to provide an adequately powered analysis. Population attributable risk proportions associated with DSM-IV/CIDI mental disorders controlling for socio-demographic variables were 34.5% for the conjunction of angry behavior with having guns in the home and 55.7% for the conjunction of angry behavior with carrying guns. In other words, if the regression coefficients represented causal effects of mental disorders and all these disorders could somehow be "cured," we would expect that the population prevalence of impulsive angry behavior in conjunction with guns in the home, and with carrying guns, would be reduced by about 35% and 56%, respectively.
Despite evidence of considerable psychopathology in many of the respondents with impulsive angry behavior combined with gun access, only a very small proportion (8%-10%) of these individuals were ever hospitalized for a mental health problem, as shown in Figure 1 . Because a minority of psychiatric hospitalizations are involuntary, only a small fraction of these respondents could have had a potentially gun-disqualifying involuntary commitment. The suggestion that seriously mentally ill people need better treatment resonates with some mental health stakeholders who advocate for a better treatment system, while the suggestion that seriously mentally ill people should not be allowed to have access to firearms resonates with many gun rights advocates who want to exculpate the guns themselves. But both strategies share the same assumption: that untreated serious mental illness contributes significantly to the problem of gun violence. Is this assumption supported by evidence? If not, what is the nature of the link between psychopathology of any kind and the propensity to use a firearm to harm someone else? Is there a more accurate and policy-relevant way to think about the problem?
Research evidence to date has suggested that the large majority of people with serious mental illnesses such as schizophrenia, bipolar disorder, and severe depression are not inclined to be violent; that only a small proportion (about 4%) of minor to serious violence is attributable to major psychopathology; and that interpersonal violence, even among people with mental illness, is largely caused by other factors, such as substance abuse (Swanson, McGinty, Fazel, & Mays, 2014) .
Nonetheless, the new data presented here document associations between most of the common mental disorders studied and several behaviors that are likely to heighten risk for impulsive, gun-related violence. The associations are diagnostically non-specific, though, encompassing disorders that affect substantial proportions of the population (e.g., depression, anxiety disorders) and that are not usually thought to be associated with violence (e.g., eating disorders). Only a small minority of the people with such disorders are subject to current gun restrictions based on mental disorder, as they are never involuntarily hospitalized. Nor would it be easy for authorities otherwise to identify many of them as having one of these common mental disorders, as they will never have sought treatment. Even if these common disorders could be identified, furthermore, gun exclusions that swept up such a large proportion of the general population are not likely to be politically viable.
However, it is reasonable to imagine that many of the people who fall into these groups have an arrest history, particularly those who reported using illicit drugs and getting angry and engaging in physical fights. Thus, gun restrictions based on criminal records of misdemeanor violence, DUI/DWIs, controlled substance crimes, and temporary domestic violence restraining orders could be a more effective -and politically more palatable -means of limiting gun access in this high-risk group (Consortium for Risk-Based Firearms Policy, 2013a ,2013b . Laws that allow preemptive removal of firearms from high-risk individuals, such as Connecticut's (Conn. Gen. Stat. § 29-38c) and Indiana's (Indiana Code § 35-47-14-3) "dangerous persons" gun seizure laws, or California's newly enacted "gun violence restraining order" law (Cal. Penal Code § 18155), may provide an additional avenue for limiting access to lethal means in the case of individuals who pose a danger to others due to a pattern of impulsive angry behavior.
